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Previous tests of the P-63A-1 airplane showed that
*en the center-of-gravity ra~e for desirable steady-
maneuvering stick-force gradients was Increased by
resorting to experimmtal elevators of increased aero-
dynamic balance In combination with a lmbwoights the
atiok foroes during rapid oontrol movements became unduly
li~t and the control-free longitudinal short-period
osoillatiohs became too lightly dawped. In omler to
improve these control characteristics, a oontrol-
feel devloe was developed whloh Increased the stiok f’oroe
neoessary to defleot the stlok rapidly without affeoting
the steady-state sttok force oharaoteristlos. Rriefly,
this devioe oonsisted of a visoous damping oyllnder aiM
a’ooil spring conneoted in series between the oontrol
stick and the airplane struotum. Rapid movements of the
stiok by the pilot defleoted the spring whioh developed
resisting foroes on the stiok,that could subside thro@h
aotion of the damping oylinder If the stlok was held
steady in any position. Therefore in making a rapid
pull-up, for instances it was expeoted that the devlcae
would supply a stiak foroe proportional to elevator
deflection in the initial stage of the maneuver and that
this stlok foroe would gradually disappear as the stiok

“fome due to the bobwei~t increased. As a result, the
“ over-all stiok form variation would appro~mate the

satisfactory type of force”variation obtained with a
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conventional unbalmc”ed elevator. “Withcontrols frees
any rapid oscillation of the,elevator caused the spring
of the control-feel de$lce to deflect In such a mmner
that the oscillation tended to d~..cmt.- c

Flight tests of the device Included determinations
of the characteristics of the airpl-e in steady turns~
in control-free short-period oscillations; in stlck-
release pull-ups, and in rapid controlled pull-ups. The
tests covered wide ranges of both center~of.-gravlty
location and altltude. Brief tests were also made of a
device which supplied a small amount.of viscous friction
to the elevator control system. Some Important results
of the tests were the following.‘

The center-of-gravity r@nge for desirable steady-
maneuvering stick force gradients with the experimental
elevators and bobwel@t was 71 percent of the mean aero-

Z
dynsmtc chord as compared to 3 percent of the mean aero-
dynamic chord with the production elevators. Furthermore,
with the experimental elevators and bobwei~ts the center-
of-gravity range-could be increased appreciably beyond
?* percent mean aerodynamic chord without encotiterIng

steady-maneuvering stick force gradients”deviatin~~eatly
from desirable values (3 to 8 pounds per g) whereas with
the production elevators, excessively heavy or excessively
light stick force gradients would occq? if the c6nter=of-
gravity range was extended much beyond 3 percent mean
aerodynamic chord. Addition of the control-feel device
to the elevator control system bro@ht.qbout mqrked
improvement in both the control feel ~d dynamic stability
characteristics. At some speeds, thecontrol-feel dev~ce
increased the stick force neceqs~y to deflect4the stick
rapidly by a fdctor between 2 and 3 and caused an o$her-
wise contiihuouscontrol-free short-psr@d oscillation to
damp out wlthln 1 cycles.

%
,Tlieother device, which .

supplied a small amount”of VISCOUS frmlction(0.2 po~d
stick force per Inch per second velocity of the stick
grfp) had no appreciable effect on the control-fr&d~amic
stability.

It was found from the tests that although the
co@rol-feel”device provided satisfactory control tiharac-
terlst”icsat a @ven speed It bGcame less effective-at
higher speeds. Also, in the form tested,.the device did
not ellndnate sttck forces caused by the response of the
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bobwdght”to ohanges in normal aooaleratlon In ro
?

airc
To oorrect both of tlmse shortcomings it la s~ges ed
mat t@ :oo~lspring of the oontrol-feel dqvioe be-
replaati fith a-”small~~rfoil 6r flap having ‘prearranged

! hinge moment oh.araotefilstios..,. .,t1 me poaslble apnlloation of the oontrol-feel devioe
to an elevator oonti?blsystem wlth
normally reduoes the
out●

, ,.

pilots effort

INTRODUCTION

a power booster whtoh
to zero is potnted

At the request of the Air Materiel Cmmnand, Army Air
Forces, an extensive fll@t test pro~ram was tiertaken
to develoy elevators for the P-63A-1 airplane vihiohwould
provide desirable lor<ttudinal handlin~ characteristics
over a center-of-~avlty range of 10 perodnt of the mean
aerodynamic ohord for an~ altitude “between5000 and
25,000 feet. The production elevators ~~v~ desirable
handling oharaoteristios for a oent?r-of-~ravlty range of
3 percent of the mean aerodynamic ohorclfor the speolfied
altitude range, During previous tests, a combination
of a highly balanoed elevator and a bobweight was developed
vihlohprovided desirable steady maneuvering stick forcse
oharaoterlstios over the speclf5.edcenter-of-gravity and
altttude ranges. However, the control-feel charaoterlstios
of this elevator were oonsldered Unsatlsfaotory by the
pilots, mainly because the large aerodynamic balanoe
necessary made the oontrol oversensitive in rapid
disturbances of the stiok, whether these dtsturbanoes
were Inadvertent or intentional on the part of the pilot.
Also, the use of a bobweight or a large positive floating
tendenoy (whioh was neoessary to raise the general level of
the steady-maneuvering stick force gradients) in comb-
ination with the large aerodynamic balanoe, was found to
oauae poor oontrol-free dynamio stability and Undesirable
oontrol-feel oharaoterlstios when flying throu@ rough
air. A disousslon of the types of oontrol-feel difficulties
encountered may be found in referenoe 1. Referenoe 1
suggested the oontrol-feel diffioultles associated with

* the combination of highly balaced elevators and bobwei@t-
mlght be overoome through use of a mechanical devloe whloh
would increase the control forces onl~ in rapid stiok
movements.

#

---
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This report presents the.results,of flight tests..of
, one suoh meohantdal control-feel device. Ms” oontrol-

feel device consls.tedof a spring and-dashpot co~c$ed
in series between the oontrol stiok and airplane sttwcture.
The.devloe was tested in combination with an &periniental
elevator and bobweight whioh gave unsatisfactory dynamic
stability @ control-feel oharaoterlstic”sin previous
tests. Flight tests were made to.determine the effect of
the devfee on the behavior of .,theai.r@lane”duringoontrol-
fres short-period osol.llations,stick-release pull-up”s,
and rapid controlled pull-ups. me tests covered wide
ranges of both center-of-gravity looation and altitude.
Brief tests also were made with a second device to
determfne the effect of viscous frlatlon on the elevator-
free charaotertstics,

AIRPIAt?E,ZtiVATOR AND’CC.NTR(3LSYSTLM ““

~G P-63A-I.airplan~ is a commfitional sin:le-en@ne
propeller+iven fl~ter-type airplwe equipped with “
tricycle landing &ear; A side view of.th~ &irplane as
flown In the pr~scnt tests Is reproduced in ~i:ure 1. A
three-view drawing of the test airplane (fi’Fr~o. “l@-68889)
is shown in figure 2. This air:~laneincor,~oratedthe “
enlarge d”horizontfiltail shown in.fl~~e” 3. “Airplane :
speclfii.ca;;ionsof general interest.and.tilmenslons~ertlnent
to a study of the lo~itudinal handlin~ characteristics
are listed in appendix A. . . . .

P’i.ye 3 includes a cross s~ction of thtiexperimental
elevators used in the tests. Th’Lsoukvators were covered

1 inches. ~0. .with fabric and had a rib,spacing”of
%

plan fcmmof the experimental elevators w“asthtisame as
the plan t’ormof standard production elevators;”increased
aerodpamic balance’was achiev6d by thickening.the “ .
trailing-cd e section to Live an Included trkiling-edge “

9angle ot.18 o.
~

Standard production.elevhtorshad flat

upper and lower surfaces aft of a point Mm? th hinge .
line and had an included trailing-edge -glG of 13°.

Characteristics of thb elevator control system are
illustrated in flumes 4 and 5. Figure 4 shows the
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elevator-stick gearing relationti Figure 5 shows the
vkrlation in stlok force with elevator an@e due to
addition of the bobwei~t (dash curve”). The foroe added
by the Bobweight is seen to vary with @levator positIon
but over.the ra~e of elevator angles and airplane
attituglesencountered in these tests the bobwei~t. f~roe
may be taken”as aD~olCiIIlatOIY3.7 pounds pull stick fOrOO

1 pa;
f

nortialao~~leratlon.- Zh9 ?lataof-fi~me 5 also
show hat static!fiiotion in the elevator control system
was about ~1 pound.

A diagranmatio sketch of the devlcb to improve the
elevator oontrol-feel oharacteris.ticsis shown in fl~e
As can be seen from this figure, the devloe consists of’
a ViEJCOUS damping oylinder conneoted to the airplane
structure throua a ooil Springc When the stiok is

6.

deflected rapldiy the resistm~e to fluid flow through the
piston restricts relative motion ‘mtween the piston and
the cylinder.so that the epring is forcibly deflected and
its resistin force IS felt on the stick. ‘Whenthe stick

dis held ste y for any apprec~able interval, the piston
automatically adjusts itself in the cylinder to the
position required for no spring tension. Hence tho device
acts to increase the stick I“orcenocesGary to deflect the
stick rapidly without altering the steady-stato stick
force characteristics. Figure ~ con.talnstwo photographs
of the device mounted in the airplane. As Sb.OVWl by
these photographs, provision was mide for the pilot to
attach Cr detach the device frm the control stick in
fl!glht. Pence the pilot was UhlG to make consecutive
test rum with and without tho ~ovice so that data could
be obtained under comparable f’liCl~tconditions.

The mechanical charaoteristlcs of the control-feel
ald are shown in fipcres 8S 9, and lo~ Fi&.je 8 shows
the variation of stick force ~:ithelevator position dua
to the spring in the device, when the viscous damping
cylinder Is Inoperative (piston locked h cylinder). The
elevator angle for zero stick force In f’le~e 8 was chosen
arbitrarily. If some other elevator angle had been chosen,
the slope of the curve .woulclbeslightly different because
of the slight nonlinearlty~In the relation between the
stick and elevator travel”(refer tofig.”h). F1.-e ~
shows the oalibratlon-of the’control-feal aid in terms of
the rate of subsidence of a rapidly ap~lled stick force.
The measurements were made by abruptly releasing the
cylinder of the oontrol-feel device from a position with
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the spring deflected and the stick chained to the airplane
structure. The two curves labelled orifice A and orifice B
refer to two different orifice arrange.m.ntsIn the piston
of the viscous damping cylinder. From the data of
fi~es 8 and 9 It has been calculated that ifOthe spring
was replaced by a.rigid hember stick forces of about 1.9
and 3.2 pounds per inch per second velocity of tlw stick
grip would be required to move the stick at a steady rate
with orifices A and 3, respectively, It should bo noted
here that tht.quantitative valu~s shown in fi~o ~ do not
necessarily apply to the fli~>t data because of temperature
differences. The 6ffsct of ternpm=ture on the viscosity
of the S.A.N. ~~oo20 dampln~”oil caused mar!{odchan~s in
the rate of subsidence of stick force contributed by the
mechanical device. :Torecords of the teinperatureof the
dampin& fluid wero obtained in the flight tests so that a
quantitative study of the flight data re~ardin~ the
transient effect of th~ control-fesl aid on the stick
forces was impossible. In this connection, the free air
temperature on the wound varlcd b6tw~Gn extremes of
500 and 800 F during the fll@t tests, with by far the
~oater number of tests

~
~rformed when the ground

temperature was between 0° F and ~0° F. Even In ~oin~
from 600 F to 70° F the viscosity of S.A.L. 20 oil
decreases by about one-third. Pilotrs opinions indicatad
th~ cockpit temperature did not deviate much from the
ground tcmyrature even f’orthe hl@i-altltude fllghts.
In spite of tho fact that the data of fi~mro ~ apply only
approximately to the fli[:htdata, tho fiCure Is Included
to illustrate the charact~ristic shhpus of the curves of
sttck force subsider.ceUS a function of time. F1/ylro10
presents a time history of an abrupt deflection and
rel~ase of the control stick made on the ground at zero
afrspeod. It is seen that tha ccmblnat~on of control
system and bobweight inertia and the spri~lgof the device
caused an oscillation of the control having a short
period (about 0.33 oecond) and roquiriq- about 2 cyoles
for complete damping.

For some tests VISCOUS friction was add{.dto the
el~vator by means of a closed hydra~~licc;?linderfilled
with fluid and mo.mted between the air:;lanestructure and
tho &levator push-pull tube (fig. 11). Motion of the
push-pull tube caused fluid to be pumped from ono side
of the piston to the other through a reatrictor valve in
an external by-pass tubz. The amount of viscous friction
used in the flight tests is dGf:.nedap-proximatol~by the
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data shown in figure 12. Because the viscous friction
cylinder was exposed to temperature variations the
amount of VISCOUS frloticn it contributed was subject to
vartation due to changes In vlsooslty of the damping
fluld●

INSTRUMENTATION .

The followlng quantities were measured with the aid
of st~dard NACA recording instruments: afispeed, pressure
altitude, normal acceleration, elevator angle, and stick
force.

A special boom extending 1 chord length ahead of
the right wing near the wing tlp was used for the measure-
ment of airspeed. The static pressure measurements from
the pitot-static head were corrected for error caused by
the local pressure field around the airplane. Airspeed
is defined through this report as

UC = 45 ● otlfo~

wherein

Vc calibrated airspeed, miles per hour

f. sea-level standa$d compressibility correction
factor

qc difference between total-head pressure and correctdi
free-stream static pressure, inches of water

This airspeed corresponds to the reading of a standaxd
Army or lTavyairspeed Indlcatm without Instrument error
which Is connected to a pitot-static system free from
position error. Uhder sea-level standard conditions,
calibrated airspeed is also true airspeed.

Elevator angles were measured by two instruments. One
instrument was connected directly to the elevator; the
other Znstrumeht was connected to the elevator push-pull
tube nem the tall. Ground tests indicated errors
arising from control system flexibility were negligible
for the latter instrument installation.
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The elevator stick force was measured by an instrument
which recorded the strain in the stick at a position near
the bottom of the stlck~ Because of this arrangement the
recorder responded to strains caused by Inertia of that
portio~.1of the stick above the strain gages. Therefore
it should be pointed out that in rapid maneuvers
involving abrupt release of the stick, the force at the
stick .p?ipactually reaohes zero almost Instantly even
though the recorder may indicate a somewhat slower
attainment of zero stick force.

E?WWT AND PURPCW @F TMTS

The fll@t tests covered the following types of
maneuvers in the order of subsequent data presentation.

A. Steady left turns.

:3.Short-period elevator-free oscillations.

C. Sttck-release pull-ups.

D. Rapid controlled pull-ups.

The last three of the above types of maneuvers were
performed both with and without the control-feel aid.

The foregoing maneuvers were performed at calibrated
speeds of approximately 200 and 300 miles per hour. The
steady turns were made at 5000 feet altitude for take-off
center-of-gravity positions of 25.0~ 30.1~ and 33.2 per-
cent mean aerodynamic chord and at 25,000 feet altitude
for t~:e-off center-of-gravity positions of 23.6 and
33.2 percent mean aerodynamic chord. *cause of fuel
consumption, the center of~avity moves forward a maximum
of between 2 ~d 3 percent mean Qerodynmic chord during
fli~ht; kov:~ver,the center-of-gravity positions
accmpanylnd all data shown In this report have ‘oeen
corrected for the effect of fuel consumption. In General,
the short-period osclll&tlons and stick relecse pull-ups
were performed for the foregoing center-of-~avity
positions at ~000 and 20,000 feet altitudes. The rapid
controlled pull-ups were made for the three previously
@ven center-of-gavlty positions for 5000 feet altitude
but only one set of datawao obtained for 20,000 feet

I
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altitude with a take-& csnter-of-gravityposition of,
33.2 percent mean aerodynamic ohond.

Ths steady turns were made only In the left direction
! because preliminary tests showed a negligible dif’terenoe
1. between the characteristics in left and rl@t turns and

the not was’able to make left turns with greater
fprec sion than ri@t turns. Ebr the turns at 200 mllea

per hour, power for straight, wings-level fllght was
used; at 300 miles per hour, normal rated power was
ueed and it was neoessary to dive the airplane slightly
to obtain the calibrated speed, especially”for the high- .
altitude runs. The &urpose in inking the t?~~~dyturn
t6st8 was to determine the steady-state-maneuvering
stability and control charactoristica. In the ~.resent
investi&&tion, the control-free d~namic ~tability and
the control-fed characterieties were metisuredin scmo
conf@ur6tlons for which the steady-maneuvering stability
and oontrol clmracteriEtlcs were uns~tisfcctory to the
pilots. It shouldbe remabered, kowever, that the only
configurations of practical importance are those for
which the steady-maneuvering chcraeteristlcs ara desirable.
The dynamtc characteristics are therefore of less interest
in cases where the steady-maneuverin~ charceterist!cs
were unsatisfaotoryo

The short-period oscillation t~sts were made according
to the usual procedure which consists of abruptly
deflecting and releasing the stick from trimmed conditions
in stral

P
t fllght at the chosen speeds (200”and300 miles

per hour . These tests were made to investigate the
~ontrol-freo dynamic longitudinal atibility. A theoretical
investigation of dynamio longitudinal stability with free
controls Is given in reference 20

The stidc-release pull-up W.S used in tho present
tests because tl@s maneuver had been euggestod Ge u simple
meen~ of investigating the control-feel problem. Aa the
name impllos, the stick-relecsepull-up Is performed by
Intentionally trhing the cirplano tail-heavy in stasdy
straight fllght and then abruptly .roleasin~the stick.
Providing the short-period oscillation is dm~ed, the
airplane will eventually reach a ste~dy pull-up condition
at a normal acceleration detemined by me amount of’the .
initial out-of-trim stick force and the steady-maneuvering
stlcskforce gr~dlent. Iiumdiately following release of
the stick however, both the elevator mgle ond tho no-l
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acceleration .mf@t be ?xpeoted to overshoot their
respective final steady values.. The~dagree of this over-
shooting would be expected to depend.oh the aerodyn4nio
balance oharacteristtcs of the elevator -d on vmious
possible contiol systemrriodiflcatiohsjust .GSthe
control-feel characteristics depe.n.dto B I@ge extent
on thase same v-l~les. For.ex=@le, In a case where
the’steady-maneuvering stick force .@adieht Is obteined
primarily from a bobw~lght or a l~~e posi’tlvefloating
tendency of the elevator hnd the elevator resistance to
deflection is low, a large amount of overshooting in
stick release pull-ups might be expected to occur. The
same combination Is known to.exhi%it poor control-feel
characteristics in rapid longitudinal m-cuvers or in
gusty air. In passing it miGht be we”llto goint out
that the stick-releese pull-up.corresponds to a theoretic~
maneuver involving the instmtaneous application of a
given stick force. .

The rapid controlled pull-up Is a :n&neuverIn which
the stick Is moved rearward from trim ra~idl~ a?ld~)eturned
to trim equally rapidly and held. fitno timo durinG the
performance of these pull-ups is the stick released. Two
typical controlled pull-ups qre shown irifi~we 13- ht

each speed tested (200 and 300 mph) controlled.pull-ups
were made using various rates cf control motion ranging
from very slow movements of the stick to extrtim~lyrapid
movements of the stick. The resulting data vere analyzed
by plotting the ratio of m=imum stick force divided by
maximum resultant acceleration as Q function of the time
requ.lrcdto move the stick away.from, -d retur.n.itto,
‘trim. Definitions of the quantities ?Mbd in analyzi~
the data are indicated In fi~we 13. This method of
analyzing the data v@s used also In refe.rencq3 which
presents a theoretical study of’the aerodynamic factors
which affect stick forces lri rapid gu~l-ups slxilwr to
the “controlledpull-ups used in these flisht tests.

.

Controlled pull-ups were made in the pres~nt
investi~ation because it was in similw control motions
that ths pilots first reported poor ccntrol-feel cliarac-
terlstics. Such control motiow are normd?.y us~.dto
correct small disturbances due to ~.ust~air or to make
a fast entry into a st~ady accelerated turn or pull-up.
According to the pilots, when the stick fcrcc:required
to deflect the stick rapidly was.too low, it was difficult
to predict the alrplana.res~>onsefollowlng a rapid move-
ment of the elevator control. This characteristic caused
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the pllots”to f’eeluheasy”ati uncertain even
flying the ai.rplanestrai@t and leve1. The
aid was expeoted to remedy the lack of’stick

11

when merely
control-feel
force in the

early stages of a rapid longitudinal.maneuver because It
was designed to supply an increment of stick force which
is essentially in phase with the stiqk travel for very
rapid stick.motions.

. .
..

. . . RESULTS AND DISCUSSION

A. Ch&&cteri.sties In Steady l’urnS
.,

The characteristics in ste~cl~:left
P-63A-1 airplane incorporat~ti the IIACA

-.

turns.of the
experimental

elevatods with a 3.7~pound ~06w6i@t are s~lownin
fi.gmes 4 through 18. Flp#re 14 &hows the vGrlatlon of
stick force and ~levator a;lgls‘~:ithnormal.acceleration
at 5000 feet altitude.for the VW1OUS center-of-gravity
positions tested. Figure 15 is a similar ,~lotfor ~
25,000 feet altltMe. In fl.gure16, the stick force data
from figures 4 and 15 have been smnarized to show the
variation of steady maneuverin~ &tick ~orce gr~dicnt with
center-of-~wavity posltlonO The stick force ~~dlents
plotted in fi~~e 16 were obtained from the increments i.n
stick farce required to co from 1~ to 3g and 4g at
200 miles per hour and 300 miles per hour, respectively.
These acceleration raa~es were chosen in order ta keep
within fli@t conditions where tll.e~levator hinge moments
were approximately linear (as indic~~ed by llneamlty .of
the stick force versus acceleration curves) and to avoid
any extrapolations of the data. Fi&we 17 shows the
elevator angle data of figures 4 and 15 plotted a~ainst
airplane normal force coefficient. Finally, figure 18
is a summary plot of the data of flcure 17 showing the
varlatlon of the change in elevator angle per unit
airplane normal force coefficient with center-of-~avity
location. The slopes of elevator angle v6rGus normal .
force ooeffloient plotted in fl~~e 18 sire based on the
Increment”In elevator an@e required t.oCO from lg to
3g ~ 4g at 200 miles per hour and S00 miles per hour, .
respectively. Therefore the stick-fr:oo’andqtlck-fixed
maneuver potnts Indicated by figures.”16an”d18,
respectively; are directly comparable although they.are
not, in the usual sonsej inaneuverpoints for a ~efinite
value of the airplane normal force coefficient but rather,

#

—.- -—.— .— . . .-
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average maneuver points oovering most o“fthe range of
airplane normal foroe coefficient tested.

- The data of f’igure16 indicate why l.twas neoessary “
to incorporate a bobwei@t ih.thecontrol system when the
experimental elevators were used. Bemuse of’the desi~
loading conditions of the airplaiie,It was desired to
obtain a stiok force gradient of at least 3 pounds per g
at 25,000 feet altitude witi the odnter of gravity at
30 peroent mean aerodynamic chord. It should be noted
that the stick-fixed maneuvering stability was positive
for these altitude and center-of-gratity conditions
(fig. 18)0 However, because of the small rate of change
of stiok force gradient with oenter-of-gravityposition
and beeause of the loss In maneuvering stability due to
Increasing altitude, the center of gravity would have
had to be at least as far forward as 22 percent mean
aerodynamic chord to obtain 3 pounds per g at 25,000 f’eet
altlttie without a bobwelght. The uae of a large oenter-
of-gratity range ahead of 22 peroent mean aerodynamlo
chord was out Of the q~stion because the elevator oontrol
available for making minlmm speed landings quiokly became
inadequate as the oenter of gravtty was moved forward
from 22 percent mean aerodynamto ohord. This situation
is typical for a ftghter type alrnlane.

From figure 16 it is seen that the relatively low
rate of change of stick force Bradlent ‘dth center-of-
gravity position afforded by the ewerimental elevators
provided stick force gradients between 3 and 8 pounds
per g between 5000 and 25,000 feet altitudes for a

center-of-&ravit~ range of about 7; percent mean aero-

dynamic chord, It might be noted, furthermore, that this
center-of-gravity ra~e could ‘OSIncreaseda:>?reciably
without encountering excessively heavy or excessively
ll~t stick force gradients. With the groduotlon elevators,
the allowable cente~-of-gravity range for deslratle stick
force gradients was 3 peroent of * mean aerodynamto
chord and any”appreciable widening of this rmge led to
either excessively heavy or exoesslvely light stick force
gradients. The rate of change of stick foroe gradient
with oenter-of-gravity position for the experimental
elevators is 0038 PO- per g per percent mean aerodynamic
ohord. Previous tests showed that a minimum value of this
slope of 1-0 pound per g per peroent man aerodynamh ohord
was required with the P-63 airplane in order to have
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satisfactory oontrol-feel Oharaoterlstics In the absence
of meohanioal oontrol-feel,

me hinge+mment parameters of the e~erimental
elevators were estimated with the aid of the 5000 feet
altitude data of figures 16 and 38, the dimensi.onpof
appendix A, mad some of-the oharts of re~erenoe 4,. It .
was found that the rate of change of hinge moment
ooeffloient with elevator deflection .%

6
was about “

-0.0025 per degree. ficanthis.value and the difference
between the sti.ok-fixedand stiok-f’reemaneuver points

9 without bobweight~ the rate of ohange of hinge-moment
ooeffioient with ohange in angh of attaok M= was

estimated to be 090003 per degree, Ass=ing that a “ “
value of ha of -0.0100 would be obtained for an elevator

without aerodynamic balanoe,.it may be ooncluded that
the experimental elevators had three-qtirters of the
unbalanced vclue of %G balanced out. The results of

earlier tests indicated no more than one-third of the
unbalanced value of Chb Gould.be elininatod without

oausing noticeable deterioration of tie elevator control-
feel oharaoteristios of the P-63 airplane. As noted
above, the experimental elevators had only s very slight
tendency to float a@nst the relative wind when a
ohange in the angle of attack occurred.

B. Short-Period Osoi.llationOharaoteristics
. .

1. Oharacteristi.oswithout bobweight.- Figure 19 shows
the short-neriod osoillation eharacteristios of the air-
plane with~ut the bobwei@t In the control system for
forward center-of-gravity positions at low and hi
altitudes. Figure 19(a) includes data obtained 2 th the
control-feel aid attaohed. Note that in figure 19 and sub-
sequent $i.guresthe oontrol-feel aid is referred to as
“damper. The steady-maneuvering stick force gradients
were about ~ and 2 pounds per g, respectively, for the
000 md 25,000 feet altitude data shown in figure 19.
1lthough the steady stick force gradients were low, It is.7 seen that the ahort=pertod oscillation oharacteristi.osof
the elevator without oontrol system modifications were
satisfactory since the oscillations of both elevator angle

. . .... . . .. . . . -. . . ... ,., - ., -,--—— .-—
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and normal acoeleratIon
cycle following release
control-feel eid.caused
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wkre completely damped within 2
of the control. Addition of the
the oscillation in elevator -18

to persist for
.%
1 cycles at 200 miles per-hour. How.ev&?,

this oscillation had a very short period similar to the
period of the elevator oscillation caused by the device
with the airplane on the gromd (fig..10). @cause of the
short period, this elevator oscillation did not cause any
noticeable airplane response. Of noteworthy Interest in
figure 19(a] is the very appreciable Increase in stlok
force required to deflect the elevator rapidly when the
control-feel device was attached. The stick force to c
deflect the”elevator a given amount was increased by a
factor of between 2 and 3. This increase in stick force
reduced the lftouchlness’lof the control. The pilot was
able to gage more accurately the acceleration response
from R rapidly applied stick force because he had a
greater rango of stick force to d6al with in covering the
same range of resultant mxlmum accelerations.

2. Effect of addition of bobwel~~t.- F@_re 20 shows
the shor%-period oscillation characteristics for forward
center-of-&avity positions at low and high altitudes
with th6 3.7.pound bobwcight .in the elevator control
system. With this arrangement the steady.force gradients
were satisfactorily high, ranging from 8 to 6 pounds
per g from 5000 to 25,000.feet altitudes, respectively.
Addition of the b-obweightwhich was located near the
airplane center of gravity greatly reducGd the damping;
in fact at high altitudes for 300 miles per hour, addition
of the bobwei~t:caused the occurence of steady undamped
short-period oscillations as is shown In figure.20(b).
These trends corroborate the theoretical analysis of the
effect of both bobweig@t and altitude as set forth in
reference 2. Althou@ no records are presontcd, the
pilot found that the undamped oscillations also occurred
at low altitudes at speeds above 300 miles per hour. As
the altitude was decreased the calibrated speed for the
first occurrence of undamped oscillations“increased.
Attaching the control-feel device to the stick always
resulted in complete dam In& of’the short-pcrlod oscillati~
althOugh a.pproxlmatel~ f

%
cycles wme required. The

ability of the control~fsel device to Improve damping of
the short-period oscillations is probably explained by the
fact that it increased the self-centering te~dency of the

—
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contr01 system Insofar as rapid contr01 movements are oon-
cerned. This change may be likened to an inorease in the
negative value of the elevator htnge-moment parameter Oh~.

It is bown &om the theory-that the garaaeter %5 has w
a powerful Influence on we dam Ing of elevator-

?free short-period osc~llatlons. See reference 2~

3. Effect”of center-of- osition.- Figure 21
on characteristics for

6xt%eme rearward-positions of the center.of @avity at
low andhl@ altltudes with the 3.7-pound bobwelght in the
elevator control system. For these runs the steady stick
force gradients were still aooeptably high since they
ranged frcnnabout 5 to 3 pounds per g In Going from
5000 to 25,000 f6et altitudes. Comparison between
figure 20 and figure 21 shows that movtng the center of
gravity re~a.rd had.a beneficial effect on damping of the
oscillations stice In the most crltlcal condition
(300 mph, high altitude, damper off) the oscillation
damped in 3 cycles Instead of being undaaped. This experi-
mental result of the effect of center-of-~ravlty position “
conflicts with the theoretical results of reforance 2
which indloate rearward movemeilt of tha center of ~avity
should reduce tho damping slightly.

4..Effect of viscous friction.- F@rE+ 22 gives the
short-period osc~llation ch-acteristics for forward
center:of-a~avity positions w;th the J.T-pound bobweight
-d the viscous friction lncorporat~d in the elevator
oontrol system. For these t~sts the steady stick-force
gradients ran~od from about 8 to 6 pounds per g. Con-
sidering the dlffersnces in magnitude of the initial
disturbances used in the runs of figures 20 and 22, It
may be concludod that the addition of viscous friction In
the small amount tested did not appreciably effect the
short-period oscillation characteristics either with or
without th~ control-fe61 device attached. m flight
conditions where differences were apparent, thG configu-
ration with viscous friction possessed a lesser degree of
damping. Reference ~ points out that evm for forward
oenter-of-gravity positions ttire may exist a limlted
range ofhinge-monmntcombinations ~or whloh tha additton of a
small amount of viscous friction Is dtitrlmentalto dampin~

>- In these cases, the use of a large amount of viscous
friction probably would be beneficial. iiheth~ror not the
use of a large amount of viscous friction would be
practical, however, Is not known. It seemed grobable from

— —— -—— .-.—



the yesent tests that if vismus friction had been used
in an amount large enough to improve the dynamic stability,
the pilot.s”wouldobject to the large resistance to stick
motion durtig such maneuvers as the landing flare.

,
C. Stick-Release Pull-U~ Characteristics

1. Characteristics “without”bbbwei~ht.-Ff&ure 23 ShOWS
the stick-release DU1l-UD characteristics for forward
center-of-grtivity~ositibns with and vltkout the control-
feel aid at low altltudes. For these tests, the steady-
turn stick force ~adient was about 1 poti8 per ~

.%
which is acceptably high: At hi@er altitudes or for more
rearward center-of-gravity locations, however, this
confi&uration would provide unsatisfactorily low stick
force gradients. Fi~e 23 shows that very little or no
overshooting in elevator travel or acceleration response
occurred followln& release of the”stick. The absence of
overshooting is explained by the facts that, without
bobweight, the steady maneuvering sticl:force gradient
resulted atiost entirely from the small variation of
elevator hinge moment with elevator deflection and the
stick-fixed stabilit~ was great. In spite of the ~ood
characteristics shown in the stick release .pull=upsthe
pilot noted poor control-feel characteristics due to the
small self-centering tendency of the control without the
control-feel device attach.ed. Therefore it may he con-
cluded that the degree of overshooting in stick-release
pull-ups is not always a reliable indication of the
control-feel characteristics.

2. Effect of addition of bobwei@t.- Fi~:ure24 gives
the stick-re.leasoPull-up characterist~cs at torward
center-of-gravity ~ositibns and Zow altltudes after the
3 .7-pound bobweight had been installed. 13acauseof the
bobwef~ht, the steady stick force

r
adiGnt was raised to

the desirably high value of about p~ds par g for
thase tests. A comparison betwaen fi~re 25 and fi~yre 24
shows the of~ect of the bobwelght was to increase appreci-
ably the overshooting of both elevator aa@ and normal
acceleration. This overshootin~ is a direct consequence
of the response of the bobwelght as affected by the lag
between chanCes in elevator position and resulting changes
in normal acceleration. In the steady pull-up state with
free controls, the elevator position is determined by
both the bobwelght and’the elevator hinge-momont para~ters .
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whereas in the instant-following stick release, tlm
elevator position tends to be determined solely by the
elevator hinge-moment parameters sl.ncethe normal .

.. acceleration does not change eppreoiably-and con~eCluentlY
the effect of the bobwei@% is not felt. Figure ~ shows
that the control-feel device, by slowl~ dissipating:.the
stored-up energy’in the out-of-trim controL system,
suoceeded in eliminating the overshooting In aoceleratlon
response which was oauoed primadily by the bobwel@t. At
hl@ altitudes, addition of the 3.7-pound bobweight caused
the occurrence of ~n und~mped short-period oscillation
during pull+ps following release of the stick at speeds .
of “300miles per hour or more. “This typical characterlstln
Is shown ina later fi~re. (fig. 26). #hen the control-
feel aid was used in conjuno~j.on..withthe bobwei~t
however, the undanped osci~lu.tlonno.lon.~r occurred and
the airplane appemed to perform.a smoother transition
from the initial to the.final acc’.lerationthan It did

.. without any tiontrols~stem modifications.

3. Effect of center=of-~av~ty posltion.- FiL~e 25
presents the stick-release pull-up”Charticteristicsfor
rearward center-of-gravity ~o&tt+i6jlsat low &ltltudos
with the bobweight Installed. Eecause uf tko bobw?i;>t,
the steady stick force gradient was nearly 6 pounds per g
for these tests even though the cer,terof gravity wasat
a far rearward position. A compas?.scnbetween fi(~es ~
~d 25 indicates that, as was th6 case ~n the usual short-
period oscillation tests, the oscillations of both
elevator an~lo and ~icoeleratlonwere more hL&hly d&mped
at the rearward than at the forward oonter-of-gravity
positions tested. It nay bG noted from the 300 miles por
hour data of figure 25 that addition of the contnol-feel
aid at t]lerearward c~nter-of-~~avity position reduced the
total change in elevator an@e and, consequently, the
rate of growth of normal accelsratlon following release
of the st,lok. However, it is also apparent that the
control-feel aid did not noticeably r6duce the ~ount of
overshooting in acceleration at this extreme readwtid
denter-of-~avity position.

4.;Effsct of visoous friction.- Figure 26 shows the
stlek-re~cas~ pull-up ch=acteris~ics fcm a forward conter-
of.gravity position at him altitudes at 300 miles”per
hour with VISCOUS friction and the bobweimt In the
elevator control system. Although compara%lo.data are not
~hown for the characteristics Without viscous friction,

.



I

M

there was no noticeable
shown by figure 26; the
occurred either with or
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dlfference:from the”characteristics
undamped short-period osoillatlon
without the viscous frlation

cylinder installed, .Furthermore,.In ei%er .caa&,attach-
“ment of the control-feel aid resulted in a~ost instti-
taneous ddmpin”gof the oscillation as is shown In
figure 26. .

D. Characteristics in Rapid Controlled Pull-Ups

-ups (similar to

elevators at 5000 feet altitude for forward center-of-
gravity positions. A curve from referance 1, de~lcting
results from an airplane which had satisfactory con&ol-
feel characteristics, is included on figure 27 and sub-
se~ent figures for comparative pulposes. The ‘tsatisfactoryn
airplane has a larger chord elevator that has little
aerodynamic balance- As was pointed cut ~rwlously, such
an elevator cannot Frovide desirable steady stick force
gradients over a larGe center-of-gravity range. It
may be seen from the data for the P-63 in figw%e 27
that In all conditions tested, tho r~tlo of maxlmnna
stick force divided by maxhnm acceleration always
Increased as the rate of stick movement was Increased.
This trend is to be expected In a condition wh~re the .
steady stick force ~;wdient Is obtained almost enttrely
from the hinge moment due to elevctor deflection
because, C.Sthe maneuver is made more ragidly, a greater

f
than e in olt’vatorangle is necesem?y to produce the same
aCcO Crat~O& rGSF\}nS~,.It may also be scan from
figure 27 thr.tattactiingthe control-feul aid approximately
doubled the stick to?co neces=ry to produce an acceler-
ation c:manger~y:.d-~y.Pilots ncted a corresponding

?markgd Lmprovauoui Illthe ccnfirol-fcielcharacteri.sits.
Even thou&k M.o Lwo arvos i’r~rthe sntlsfactory airplane
and the P-b3 ~itin.t:l..~control-fGel aid At 200 miles per
hour are n~arly idf:nticalf’crrapid stick deflections,

1 t%t I:h.gP-G3 had a smaller self-the Filet note..
centering tendmcy uf the control stick. This apparent
contradiction is ezplained by the different stick-fixed
stability of the two alx~lancs. For the data shcwn in
figure 27, the satisfactory afmlane was test~~d~“iththe
center of ~avity about 2 yercent ahb~d of the stick-
fixed maneuver point whereas for tha P-53, the center
of gravity was about 11 percGnt ahc+d of the stick-f?.xcd
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maneuver point. This diffe$enoe made It neoessary to use
considerably more stick travel to produce the same maximumb acdeIedatfon’id the P.-63;and-“sinceabout”the -same,stIc)k
forces were required to produce “@given maximum acceler-
ation in the two airplanes, it .1sobvious that the stick
force per unit sti.~ktravel was lower for the P-63 than
for the satisfactory airplane. As will be shown.later, ‘
whm the stick-fixed stability of the two airplanes was
comparable, the P-63 with control-feel a d exhibited
smaller transient stick force gradients

t)
~ than did

the satisfactory airplane. ~

2. Effect of addition of bobwei~>t.- Data obtained
in rapid controlled pull-ups after the bobweight was ‘
Installed are shown in figure 25. Here it may be seen”
that the stick-force gradient did not always increase
with incr~asing rapidity of the control motion, especl&ly
for the case without the .control:feel.ald attached.
300 miles per hour, except for extremely rapid pull-ups
(where inertia of the control system had a large effect
on-the maximum stick force reached) or In very slow
pull-ups (approximating the st~ady maneuvering condition),
the stick force gradient was ltJssin the ~ontrolled
pull-ups than It was in steady turns. Thts trmd is
explained by the lag bctwe6n the incremtintin stick
force due to elevator deflection and the Increment in
stick force contributed by the bobwelght, TMse two
stick force increments are in phase, resp~ctivtily,with
the Elevator deflection and the normal acceleration. In
the steady-maneuvering condition the two stick force
Increments occur simultaneously so that their effects are
additive but in rapid pu1l-ups the stick force due to
elevator d~flection l~ads the stick force due.to bobweight
because of the lag in acceleration response following an
abrupt elevator deflection. (See fig. 13.) Because the
npximum change in an.qloof attack or normal acceleration
lags the maximum change in elevator angle in a bapld
pull-up the total stick force may be less than the sum
of the maxinum stick force increments due to change in
elevator angle and change in normal acceleration. There-
fore It is possible to have lower stick force gradients
in rapid pull-ups than in steady maneuvers if a large
portion of the steady stick force gradient Is obtaihed
from a bobweight. Also tm this connection-,a large
positive floating tendency of the filevatorwould have
essentially the same effect as the bobw~i~t on the stick
force characteristics in rapid pull-ups (See rei%rence 3J



20 ~ No. L6E20

It is generally.conceded that arrangements which show
smaller stick force gradients In rapid than in steady
maneuvers are undesirable. Figure 27 Indicates the
control-feel aid gave a substantial Improvement at
200 miles per hour on the undesirable characteristic
introducedby the bobwei@t but the beneficial effect was
small at 300 miles per-hour. The beneficial effect of
the control-feel device at 300 miles per hour could be
increased by using a str”ongerspring and by further
restricting the-orifice in the viscous damping cylinder.
If such a change were made, however, the device would
probably cause too heavy stick forces at lower speeds
unless provision was made for a.variation with speed of
the characteristics of the device. Such an arrangement
1s discussed In a subsequent section of’this report.
. .

3. Effect of center-of-gravity position.- Figure 29
shows the characterlstiCS obtained rapid pull-ups
after the center of gravity was moved re-&rw&d about
9 percent mean aerodynamic chord. The effect of the cente-
ot-gravity shift was to lower the stick force ~sdlents
for all rates of stick motion. Such a trmd is to be
expected because theory shows that to produce the same
maximum acceleration response, the necessary magnitude
of elevator motion of a gtven duration decreases as the
center of gravity Is moved rearward (reference 5).
Incidentally, as ●regards a comparison between the P-63
and the satisfactory airplane, the data of f@LU?e 29 “.
are for conditions in which the two airplmes possessed
comparable stick-fixed stabillty.

1. Effect of altitude.- F@ure 30 prbsants data from
rapid controlled pull-ups similar to the data Of fi~me 29
except that the altitude was lncraased from 5000 to
22,000 feet. The e~fect of altitude was to lower further
the stick-force gradients for all rates of stick motion.
This effect Is the same as that which would be expected
from a further rearward center-of-gravity movement at the
low altitude. Hence it appears the effect of altitude
on either rapid or steady-state-maneuvercharacteristics
was similar because for either rapid pull-ups or stbady
turns, an increase In altitude caused a decrease In stlck-
force gradient.

. .
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EVALUATION
.- ,.

“ Both ● the

AND PMISIBIE FURTHER APPLICATIONS

OF CONTROL-FEEL DEVICE- - ----

bas~$ of,the reeult.s.isscrlhed,-in-ihe
pr,ecedi~~’~kctionand on the basis of pilot’s”to~tnions,
it””wa”sconcluded that the control-feel device tested
had a dealdedly beneficial effect on the d amic stability

rand”oontrol-feel characteristics of the P- 3A-.1ai~lahe
with the bx@erimental’olevabors ‘a~ bobwei@t testedti,
The chara.cteristlcsof”the airplane in.rapldmmeuveps~
whioh were,def’lnitelyunsatisfactory without,the controle
fee’l,aid,,were satisfactory wltli:the kontrol-fe,glaid,
installed at speeds.up to 200 ml.lb.sper..hourwi”ththe.””
exception. that stick forces due t@ the response of the,
bobweight to rapid”ch,ang~s,lnnormal acceleration in ,“,~
gusty ai,rwere”hot’elimihatbd.’””l~ithincreasing speed
the gradually decreasing effectiveness of the device
was noticeably apparent so that at 300 miles per hour
the characteristics with.the control-feel aid installed
were not entirely acceptable, Some means of changing
the characteristics of,the device with changin~ airspeed
therefore appears desirable.,

.“.

It is to be noted that the device as tested added
a given stick force increment for a given instantaneous
deflection of the control stick. In the case of an
elevator that possesses inherently satisfactory control-
feel characteristics, the stick force for a given
instantaneous stick deflection (neglecting control
system inertia) varies essentially as the square “ofthe
airspeed. Hence, in th~ form tested, it was possible
for the control-feel device to be adjusted to Give
excellent control-feel characteristics at only one speed;
at lcw~sr speeds the control-force increment from the
device was too great and at hi~her. speeds. the control
force increment was too small. In order to have the
force increment from the device vary as the square of
the speed it would be necessary to incor~)or~t~ means for
changing, as a function of speed, the stick-cantering
tendency provided by the spring. This characteristic
might be obtained either by use of a suitable mechanical

,> device or by the use of a vane.mounted in the air strew
to provide the necessary stick-centering tendency. With
the vane system it might also be possible to obtain

1
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COYCLUSZONS
. . .,

From an investigation of thQ ~ongitudiqa’1handling “.
ch=acterlst Ics of the P-63A-z al@@e With .~igply”
balanced experimental elevat&s, “a bobwetght”~ti’~ .‘- .
control-feel.ald conflating of a aping and a viscous
damp~ng cylinder comected ~n series between the stick
and the airplane struct~e, the following conclusions
were indlcatedz. . .

1. The.experimental elevators -d the bobweight
provided steady-maneuvering stick.force gradients between
3 and ~ pounds per .g at any altitude between 5000
and 25,900 feet over a center-of-gravity range of 7A p9r-

,. d
cent mean aerodynamic chord as comp=ed to a center-of-
gravlty range of 3 percent maan aerodynamic chord pro-
vided by standard -productionelevators. Furthermore the
allowable center-of-gravity r-e for the exporhental
elevator configuration could be Increased appreciably
without oncounterlng excessively heavy or excessively
light stfck-force gradients whereas such was not the case
for the standard production elevators. However, the
control-feel characteristics in rapid maneuvers and the
control -freo d~amlc longitudinal stability of the air.
plane wIth the experlmntal elevators ~d bobweight were—
unsatfsfaotorym

.

— .— - ..— ,... , -. —-, ,. .. . . . . . ._ -._, . _. I
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2. The control-feel aid effected marked improvement
in both the control-feel ch~a~teriatlos Wd the control-
free dynamio Mngittx!linal-stablllty”o~-the-airplanewith
the experimental elevators and bobwei@t. Addition of
the oontrol-feel aid increase@ the stick force in a rapid
pull-up by,a faotor d between 2 and 3 in some.fli~t
conditions and, with oontrols free,caused an otherwise
undamped short-period oscillation to dah out comple~l~
In about l+ 6~leS. sThe contrbl-feel at also reduced

overshooting and the rate of. growth of”n”ormalacceleration
following release of the controls with the airplane .trlmmel
tall heavy; these effects were considered to be desirable
by the pilot. As a result of”the faot that no phovlatons
were Incorporated by which the characteristlos of the
control-feel de.vioewere changed with varying airspeed,
however, it was found that the effectiveness of the devtce
became inadequate as the ,airspeedwas inoreased from
200 to 300 tiles per hour.

3. Further development work is required in order to
make the control-feel aid equally effective at all fll@t
speeds and in order to make it capable of reducing or
virtually eliminating Undeslr.ableatlck forces arising
horn the response of a bobwbight to the rapid chan~es in
normal acceleration which occur in fli~ht through gusty
air.

& TM addition of vlsc&s friction to the elevator
control system in an amount whtch caused about 0.2 pound
stick force per inch per second v~locity of the stick
grip had a negligible-effect on the control-free
stability characteristics.

Lmgley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va~
.
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DIMENSIONS OF AIRPLANE

b zkll ‘?-63A+ fighter “

● m Allis& V-171O-93

Tak;-off , . . . . . 1525 hp at

Normal rated . . . . 1050 hp at

Military rated . . . 1180 hp at

Supercharger gear ratio . . . . . .

Propeller (special aeroproducts type)
Diameter ..9**b ● mm

Number of{lb~s” . . . . . . . . .
Engine-propeller Cear ratio . . . .

,.

3000 rpm, 54 h.
Hg ,atsea level

260.0 rpm, 43 in.
Hg at”10,000 ft

~ooo rpm,.52 h.
Hg at 21,500 i%

● mawe 6.85:1

● m 11 ft 1.in.
.mmmmm 4

● *99 2.23:1

Fuel Capacity (without belly tank), gal . . . . . 136

Welghtempty, lb . . ..m . . .-9-..... 5910

Normal’gross weight, lb . . . . ● . . . . . . ● 7650

Wing loading (normal gross wt), lb/sq ft . . . 30.85

power loading (normal gross wt, 1050 hp ), lofip 7.29

Over-all height (taxiing position) . . . 11 ft 4 ln~

Over-all length . . . . ● ● s ● . . . .
a

32 ft 8 in.

Wlng:
span, ft 38. ~

zArea (l~.cl;-d~~~e~t~o~ ~tio&~ h~cia~ej ~ ft 2 d
Airfoil section, root . . . . ‘. . . 2FIACA 6,2x-116
Airfoil section, tip . . . ..... . NiLCi.66,2.x-216
Mean aerodynamic chord, in. . . . . . . . . . 82.54
IaadinC ed~ H.A.C., in. aft L.L. root chord 6.11

Aspect ratio . . . . . . . . . . . . . . . 5.92:1
Taper ratio 2;1
Dihedral (35 p&~e~ta c~o~d: ~p~e~ ~~f~c~ );~eg” 3.67
Root incidence, deg . . . . . . . . . . . . . 1. 0
Tlpincldence, deg.. . . . . . . . . . . . 1-o. 5
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Horizontal t8il$
span, In.

m. . ,s. Total **a, O”” o-””” 1:::.:::::Bq -ft.-.--o-.-....
Stabillzbr area, sq ft
Total elevator area, Sq ~t” : : : : : : : : :
Elevator area aft of hinge center line,

including tab, sq ft . . . . . . . . .
Elevator area forward of hinge center.

line, sq f% ● m99m

Elevat”ortrim tab area, ;qO& 1 1 1 . . . . .
Blevator root-mean-square chord aft of’

Elevator travel from
Elevator travel from
Stabilizer incidence

25

9.85

hinge oenter line, In.
Distance elevator hinge center l~n~ 10” “ “ “

L.E. of M.A.C,, in. . . . . . , , 226.28 .
stabilizer, deg down . . . 15
stabilizer, deg up.. . . . 13;
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Figure l.- Side view of Bell P-63A-1 airplane (AAF No. 42-68889).
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Pigure 2.- Three-view drawing of the P-63 A-1 airplane. :
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tested on P-63A-1 airplane. Section AA located 15 inches from airplane center
line.
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(a) Attached to stick, (b) Stowed.

Figure 7.- Photographs of elevator control-feel device tested on
P-63A-1 airplane.
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with piston locked in cylinder. Arrows alpng curve show direction measurements
were taken. Note discontinuity in curve around zero stick force caused by sum
of static frictiomof control system and that between cylinder”and tube of
control-feel device.
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Figure 9.- Variations with time of stick foroe increment added by control-feel device-

Measurements made by abruptly releasing cylinder of device from position with spring

deflected and stick chained to airplane stmcture.
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Figure 11.- Photograph of viscous friction cylinder
installed in rear of fuselage of P-63A-1 airplane.
Elevator control push-pull tube hidden by the
lower portions of bulkheads.
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Figure 14.- Steady-turn characteristics at 5,000 feet pressure altitude with 3.7
pound bobweight. Power for level flight at 200 mph; normal rated power at
330 mph.
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Figure 14. - continued.
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Figure 14.- Concluded.
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(a) Forward e.g. positions.

Fi~ure 15.- Steady turn characteristics at 25,000 feet pressure altitude with 3.7

‘pound bobweigh~. Power for level flight at 200 mph:- normal rated power at
300 mph.
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(a) Low altitudes.

Figure 19. - Short-period osolllation characteristics #ithout bobweight. Control-feel device with orifice A.
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(b) High altitudes.

Fi~e 19. - COnoI~ed .
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Figure .20. - short-period oscillation characteristics with J.1 pound bobweight in control eyetem. Control-
feel device with orifice A.
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Figure 21. - Short-periti oscillation characteristics with 3.7 pm.md bobweight for extreme rearward center- m
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(b) High altitude, Vc = 200 mph.

Figure 21. - Cent i~ued .
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Figure 22. - Bhort-pericd oscillation characteristics with J.? pound bobweight and VISCOUS friction III
control syetem for forward center of gravity positions. Control-feel device with orifice B.
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Figure 24. - Stick-release pull-up characteristics with 3.7 pound bOb~eight in elevator control system at
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BIEEli!lf!EEEIH
o .2 4 6 0lo 2 4 6

~mel secmds NATIONAL ADVISORY

z + 6

COWITTEE FM” AESOSAVTKS

Figure 25. - Stick-release pull-up characteristics with 3.7 Pcwnd Dobweight in elevator oontrol syetem at
low altitudes for rearward center-of-gravity p09iti0n8. Control-feel device with orifice B.
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Figure 26.- Stick-release pull-up characteristics with 3.7 pound bobweight and viscous friction In elevator
control system at high altitudes for forward center-of-gravity poei tions.
orifice B.

Control-feel device with



60

50

40
I

$ 30
\

/0

o
0

C.g.pOSIhen, g M.A.L da mPer
g3.35 --––-–---0200 mph off
~~.g -––– –– ––~z~~mph on

Z3. I ___–––––-A3u~~~h o/f
~~.=j ––-– – —––-v300mph on

L

F)ghter airplane Considered
G. / ‘ satls factory, K =ZOOmph

C.g. 232 % MAC,

I hy ~ 5000 ft

T7
\

$7

,

\

~ I

.4 .8 /6 2.4 3.2
7/m(z )%/- moneuver, Jec NATIONAL ADVISORY

COMMITTEEFW AERONAUTICS

Piwre 27,- Sktio of nmximumstiok force to maximum acceleration in controlled pull-upe at various
rat es at 5,000 feet altitude. Without bobweight, fomard center of gravity poeitione. Control-
feeldevicewithorificeA.

z
o
.

r
m



50

.$$ 30
\

/0

o

I

1

I
I

k
v

P
.. . w 51flon, Z M.A.C.

I
Z3.8-–– — —– -0 Zoomph - c2%MpeP off
23. “i’– – – – – – ‘~ z~um)d - dCW~Q~ OB
z3.75––__– – –* 3oo/z/& - dampzr off
23. 5– – — – ———v 300 np~ - ~amp~~ On

,

\\

o 4 .8 /2 /6 20 2.4 28 32
nme for 777c2neuver, sQC NATWAL ADVISORY

COMMITTEEFOR_AUTKS
fi~re28.- &tio Of mximum Btiok foree to mximum nocelemtion in controlledpqll-upe●t Tarious

ratu ●t 5,000 feet altitude. With 3.7 pound boLnreight,fomard oenter of gnvity positione.
Control-feeldevicewith orifice A.



~ 30
$

k ‘%9
IQo

/0

L7

I

I

\ ‘,\

?

L? .4 ,8 /’2 L6 20 2.4 28 &
T/me for znooeuver, sec

NATIONAL ADVISORY
COMMITTEEFDhAERDMAUTICS

z
o
.

m
NJ
o

Figure29.- Ihtio of maximum stick foroeto maximumaccelerationin mmtrolled pull-pa at various
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